In the past 130 years, many surgical procedures for turbinate reduction have been developed. We analyzed the long-term efficacy of 6 of these surgical techniques (turbinectomy, laser cautery, electrocautery, cryotherapy, submucosal resection, and submucosal resection with lateral displacement) over a 6-year follow-up period. We randomly divided 382 patients into 6 therapeutic groups and surgically treated them at the Department of Otorhinolaryngology of the University of Siena. After 6 years, only submucosal resection resulted in optimal long-term normalization of nasal patency and in restoration of mucociliary clearance and local secretory IgA production to a physiological level with few postoperative complications (p < .00 I). The addition of lateral displacement of the inferior turbinate improved the long-term results. We recommend, in spite of the greater surgical skill required, submucosal resection combined with lateral displacement as the first-choice technique for the treatment of nasal obstruction due to hypertrophy of the inferior turbinates.
INTRODUCTION
The role of inferior turbinate hypertrophy in the reduction of nasal airflow is well established, representing, if septal deviations are excluded, the main cause of symptomatic nasal obstruction. I Although chronic nasal obstruction is not life-threatening, it impairs patients' quality of life in a significant way, affecting many aspects of their daily social and working activities.?
Perennial allergic rhinitis and nonallergic rhinitis are the most common noninfectious causes of inferior turbinate mucosal swelling, leading to a transient reduction of nasal patency. Many of these cases respond to medical treatment with topical corticosteroids, antihistamines, or immunotherapy. In some patients, however, these nasal inflammatory processes result in chronic nasal obstruction due to dilatation of the venous sinuses or fibrosis.I and as a consequence, medical therapy is not sufficient. In these cases, a surgical approach to the enlarged inferior, and sometimes middle, turbinates becomes necessary.
Since the first surgical procedure for turbinate reduction, performed by Hartmann in the 1890s, many other techniques have been developed." Of these, the most widely used are turbinecromy.V' Iaser cautery, 7, 8 electrocautery.vt'' cryotherapy.Uvl? submucosal resection, 13, 14 and submucosal resection with lateral displacement.l's!" None of these procedures is ideal; each is associated with known short-and long-term complications. The lack of consensus about their effectiveness leaves selection of the surgical procedure up to the surgeon's personal attitude and experience. To provide evidence to critically assess the outcomes of the different surgical techniques, we compared the long-term efficacy of 6 surgical techniques for turbinate reduction over a 6-year follow-up period.
MATERIALS AND METHODS
We identified 457 patients (256 male and 20 1 female) between 8 and 70 years of age (median age, 38 years) with symptoms of nasal obstruction. Each patient underwent a diagnostic protocol consisting of clinical history-taking, otorhinolaryngological objective examination, skin prick tests for allergy (grass pollen, Parietaria, and Dermatophagoidesi, anterior active rhinomanometry with the Amplifon Rhynosystern, acoustic rhinometry with a Rhinoklack RK lOOO, analysis of nasal mucociliary transport time by measurement of the time required for charcoal powder placed on the inferior turbinate to reach the pharynx, 17 and measurement of secretory immunoglobulins. 2   6   34  14  40  4  39  21  40  8  7 2
Crusting Synechiae Turbinectomy  45  24  21  Laser cautery  54  28  26  Electrocautery  62  32  30  Cryotherapy  58  30  28  Submucosal resection  69  37  32  Submucosal resection with  94  50  44  lateral displacement  All treatments  382  201  181 The patients graded their symptoms of nasal obstruction during the day and night, nasal discharge during the day and night, and sensation of ear fullness on a scale of 1 to 6 using validated questionnaires; a total symptom score was obtained by adding the 5 values.
Electrocautery. Inferior turbinate cauterization was Of the 457 patients evaluated, 382 were enrolled done by applying a high-frequency coagulation curin the surgical phase of the study (201 male and 181 rent via a round-point electrode at constant power infemale) on the basis of the inclusion criteria of the troduced as far as the posterior end of the nasal cavpresence of chronic allergic or vasomotor rhinitis leadity. The medial surface of the inferior turbinate was ing to chronic nasal obstruction and a lack of efficoagulated from behind forward, 2 to 4 times, 10 seccacy of medical treatment.
onds each time. At the end of the intervention, Merocel The exclusion criteria were presence of infectious packs were placed for 3 days to avoid the formation rhinitis, marked septal deviation, previous nasal surof synechiae between the turbinate and septum. gery, nasal polyps or sinusitis contributing to the nasal Cryotherapy. A standard nitrogen protoxide cryoobstruction, and other major nasal diseases.
genic nasal probe was applied along the free edge All of the enrolled patients were treated at the Deand then on the medial face of the inferior turbinate partment of Otorhinolaryngology of the University at 2 overlapping levels for 2 minutes, at a temperaof Siena. The following surgical procedures were perture of -80°C. Merocel nasal packing was left in each formed: turbinectomy, laser cautery, electrocautery, side for 3 days. cryotherapy, submucosal resection, and submucosal Submucosal Resection. Via a 3-to 4-mm incision resection with lateral displacement. All of the surgion the head of the inferior turbinate, the submucosal cal procedures were carried out under local anesthetissue was dissected from the medial surface and insia, ferior edge of the bone with an elevator. The excess Turbinectomy. After medial and upward fracture, cavernous tissue was resected with a Hartmann forthe inferior turbinate was resected by angled scisceps, and the posterior end of the turbinate was resors along the insertion close to the lateral nasal wall.
sected. Merocel packing was used. Merocel nasal packing was used for 3 days.
Submucosal Resection With Lateral Displacement. Laser Cautery. The inferior turbinates were coagThe above-mentioned submucosal resection techulated with a C02 laser (Coherent MP20 laser) denique was used, plus out-fracture and lateral displacelivering 300 impulses per second at 10 to 15 W. To ment of the turbinal bone with a Goldman displacer. The patients were randomly assigned to 1 of the 6 therapeutic groups (Table 1) ; the 6 groups did not differ in regard to the severity of the disease before surgery.
The surgeons involved in the study performed a balanced percentage of each type of operation, using standardized techniques. Residents were not involved. In all cases, nasal packing was used without a topical antibiotic; all patients received a third-generation cephalosporin for 6 days. Informed written consent was signed by all of the patients. The study was conducted in accordance with the ethics committee of the University of Siena.
At yearly follow-up intervals, the above-mentioned set of examinations was repeated. All data were analyzed by Student's t-test.
RESULTS
Of the 382 patients initially enrolled in the trial, 348 were followed up, for a maximum of 6 years. Specifically, the follow-up was 6 years in 92 patients, 3 years in 82 patients, 2 years in 98 patients, and 1 year in 76 patients.
In 182 patients (40%), allergic sensitization was found. Nasal hyperactivity was triggered by Dermatophagoides in 54 cases, by grass pollen in 18, and by both allergens in the remaining cases.
The complications that occurred in the 6 groups during the follow-up are listed in Table 2 Tables 3 and 4 . We noted an initial postoperative improvement of the above-mentioned parameters in all groups (p < .001), whereas the duration of improvement significantly differed among groups. Specifically, in the groups treated with turbinectomy or submucosal resection (with or without lateral displacement), normal nasal patency was restored and remained during the follow-up.
In contrast, the patients who underwent electrocautery or cryotherapy experienced a progressive, statistically significant worsening of nasal resistance values (p < .005) and nasal volume values (p < .00l); moreover, in the patients who underwent laser cautery, although nasal resistances improved and remained normal, nasal volumes were dramatically reduced during the 6 years (p < .00l).
The results of mucociliary transport time and secretory IgA concentration analyses are listed in Tables  5 and 6 . Only the patients with submucosal resection, with or without lateral displacement, achieved normalized parameters (p < .001). The submucosal resection group with lateral displacement achieved the best results. Table 7 summarizes the yearly patient judgments on their symptoms. The patients' subjective discomfort clearly followed the measured objective nasal parameters: symptoms worsened in the groups treated with electrocautery or cryotherapy, simultaneously with the worsening of nasal resistance and volume values. In contrast, in the patients treated with turbinectomy or submucosal resection, the symptom scores remained stable during the follow-up. Interestingly, the seriousness of symptoms (as stated by symptom scores) dramatically differed between the two groups (p < .001); the submucosal resection patients experienced a better quality of life. The addition of lateral displacement to the submucosal resection gave the best results (Fig I) .
DISCUSSION
Surgical treatment for inferior turbinate hypertrophy is based on the assumption that an increase in nasal airway volumes will lead to a better functional nasal airflow and improvement of the patients' symptoms. This is not completely true, because an overaggressive approach, although able to completely solve the ventilatory problem, interferes in a significant way with nasal physiology. In our study, turbinectomy gave excellent relief of nasal obstruction, but it was associated, as compared with the other techniques, with a higher percentage of crusting and bleeding (Table 2 ) and with more intense postoperative pain. Some authors 18 have noted that a huge postoperative increase in nasal airflow corresponds to a decrease in the humidifying activity of the nasal mucosa with an excessive drying of nasal secretions and consequent crust formation. Moreover, our results indicate that the dramatic improvement in nasal airflow following complete resection of the inferior turbinates is accompanied by a decreased efficiency of mucociliary transport (Fig 2) and by a reduction in secretory IgA production (Table 6 ).
On the other hand, we demonstrated that laser cautery, electrocautery, and cryotherapy provided only short-term benefits in nasal resistance and volume (Tables 3 and 4) . Moreover, these techniques produce mucosal damage that strongly interferes with nasal physiology (Tables 5 and 6 ). The few shortterm advantages variably associated with these three procedures (reduced bleeding, lack of postoperative pain, faster healing, etc) do not completely justify their use, when compared with the failure rate in achieving long-term outcomes.
According to our data, it clearly emerges that submucosal resection of the vascular tissue within the turbinate obtained an optimal long-term restoration of nasal patency (Tables 3 and 4 ), producing few postoperative complications (Table 2 ) and restoring mucociliary clearance and local secretory IgA production to a physiological level (Fig 2 and Table 6 ) that lasted for the full 6 years of follow-up.
The addition of lateral displacement of the inferior turbinate improved the long-term results. Although the difference between the group treated with submucosal resection only and the group treated with submucosal resection plus lateral displacement did not reach statistical significance, this supplementary surgical step improved the outcome without any additional risk. Finally, we deliberately neglected to explore in the present study two recent and interesting minimally invasive surgical approaches to inferior turbinate hypertrophy, namely, radiofrequency'? and coblation turbinate reduction.I"
In our department, we currently treat patients with radiofrequency and coblation turbinate reduction with good results, but our experience with these procedures includes no more than 2 years of follow-up. For this reason, we decided not to consider as definitive the good results we obtained with these two techniques and did not include these data in the present study.
In our experience and according to the literature,4,7,8 rhinosinusal physiological mechanisms, after a surgical approach to this region, need at least 2 years to be restored. Specifically, nasal patency may begin to worsen, after surgical reduction of inferior turbinate hypertrophy, starting from the third or fourth year of follow-up. For this reason, patients surgically treated for this kind of disorder (whatever the chosen technique) have to be followed up for at least 3 years to show reliable results.
CONCLUSIONS
The ideal surgical approach to the inferior turbinate should be limited to the erectile submucosal tissue and to the bony turbinate: the reduction of bone Mucociliary transport times of turbinectomy group remained altered during entire follow-up period, whereas in submucosal resection with lateral displacement group, this parameter progressively turned back to physiological range (p < .001).
size will create more respiratory space, the surgical maneuvers performed on submucosal tissues will create scars able to minimize the submucosal engorgement in patients with allergic rhinitis, and the preservation of the mucosa will minimize interference with the physiological activities of this region.
Considering the actual international state of the art of turbinate surgery, and according to data provided by the present 6-year follow-up study, we believe that the technique nearest to the above-mentioned ideal one is submucosal resection with lateral displacement. Undoubtedly, the elevation of a mucoperiosteal flap requires a higher level of technical ability than a mere full-thickness excision; for this reason, many surgeons prefer turbinectomy to submucosal resection, sacrificing, in this way, the possibility of correctly restoring the nasal physiology.
In conclusion, considering that as discussed above, the quality of life of patients affected by chronic nasal obstruction seems to be related more to the restoration of nasal physiology than to the simple increase of nasal volume, we recommend, in spite of the greater surgical skill required, submucosal resection combined with lateral displacement as the first-choice technique for the treatment of nasal obstruction due to hypertrophy of the inferior turbinates.
